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(57) Abstract: Compounds represented 
by the following general formula (1) 
have a potent activity of selectively 
inhibiting HDAC1,4. Thus, these 
compounds are useful as drugs for 
preventing or treating diseases caused 
by HDAC1,4. (1) 
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*|5Kt±t^ (Histone deacetylase:HDAC) ffiJMfcfcJ: 

w^^mfo^n^i-ym^tmB^o^mts txh^y±^Mmm (had 

K£ZKXhl/<DT±?-/Hkk. tXhyMT-t^MkBrn (HDAC) \Z£5>MT 
± ^/Wfcfc <fc o TW« £ ttT V * 5 0 HDAC © MjSffl # # A/«tf>5Mt T # h 

5 (Marks, P. A., Richon, V. M. , and Rifkind, R. A. (2000). Histone deace 
. tylase inhibitors: Inducers of differentiation or apoptosis of transform 
ed cells. J. Natl. Cancer Inst. 92, 1210-1216; Yoshida, M. , Horinouchi, 
S. , and Beppu, T. (1995). Trichostatin A and trapoxin: novel chemical pr 
obes for the role of histone acetylation in chromatin structure and func 
tion. Bioessays 17, 423-430; Bernhard, D. , Loffler, M. , Hartmann, B. L. , 
Yoshida, M. , Kofler, R. , and Csordas, A. (1999). Interaction between de 
xamethasone and butyrate in apoptosis induction: non-additive in thymocy 
tes and synergistic in a T cell-derived leukemia cell line. Cell Death 
Diff. 6, 609-607) 0 

HI& XW^ttmamBcm&kMk LT©^'l4^i-VN<o^©HDACPl 

il$J(Nakajima, H. , Kim, Y. B. , Terano, H. , Yoshida, M. , and Horinouchi, 
S. (1998). FR901228, a potent antitumor antibiotic, is a novel histone d 
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eacetylase inhibitor. Exp. Cell Res. 241, 126-133; Saito, A., Yamashita, 
T., Mariko, Y. , Nosaka, Y. , Tsuchiya, K., Ando, T. , Suzuki, T. , Tsuruo, 
T., and Nakanishi, 0. (1999). A synthetic inhibitor of histone deacetyl 
ase, MS-27-275, with marked in vivo antitumor activity against human turn 
ors. Proc. Natl. Acad. Sci. USA 96, 4592-4597) <D&0m9Z&ffl1&&tlX^& 

o 

mkc^Mmmmmt Lxn h v ^^^^ a (tsa) 5 (Yoshida, 

M., Kijima, M. , Akita, M. , and Beppu, T. (1990). Potent and specific inh 
ibition of mammalian histone deacetylase both in vivo and in vitro by tr 
ichostatin A. J. Biol. Chem. 265, 17174-17179) 0 MWss TSA\$&]kffi%RJ&, 

wmmm, %mMfa%¥<DMk&mmir5zb&&htix^z> (Yoshida, m., n 

omura, S. , and Beppu, T. Effects of trichostatins on differentiation of 
murine erythroleukemia cells. Cancer Res. 47: 3688-3691, 1987; Hoshika 
wa, Y. , Kijima, M. , Yoshida, M. , and Beppu, T. Expression of diff erenti 
ation-related markers in teratocarcinoma cells via histone hyperacetylat 
ion by trichostatin A. Agric. Biol. Chem. 55: 1491-1495, 1991; Minucci, 
S., Horn, V., Bhattacharyya, N. , Russanova, V., Ogryzko, V. V., Gabriel 
e, L. , Howard, B. H. , and Ozato, K. A histone deacetylase inhibitor pot 
entiates retinoid receptor action in embryonal carcinoma cells. Proc. N 
atl. Acad. Sci. USA 94: 11295-11300, 1997; Inokoshi, J., Katagiri, M. , A 
rima, S. , Tanaka, H. , Hayashi, M. , Kim, Y. B. , Furumai, R., Yoshida, M. , 
Horinouchi, S. , and Omura, S. (1999). Neuronal differentiation of Neuro 
2a cells by inhibitors of cell progression, trichostatin A and butyrola 
ctone I. Biochem. Biophys. Res. Commun. 256, 372-376; Wang, J., Sauntha 
rarajah, Y. , Redner, R. L. , and Liu, J. M. Inhibitors of histone deacet 
ylase relieve ETO-mediated repression and induce differentiation of AML 
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1- ET0 leukemia cells. Cancer Res. 59: 2766-2769, 1999; Minister, P. N., 
Troso-Sandoval, T. , Rosen, N. , Rifkind, R. , Marks, P. A. , and Richon, V. 

M. The histone deacetylase inhibitor suberoylanilide hydroxamic acid i 
nduces differentiation of human breast cancer cells. Cancer Res. 61: 84 
92-8497, 2001; Ferrara, F. F. , Fazi, F. , Bianchini, A , Padula, F. , Gelm 
etti, V. , Minucci, S. , Mancini, M. , Pelicci, P. G. , Lo Coco, F. , and Ner 
vi, C. Histone deacetylase-targeted treatment restores retinoic acid si 
gnaling and differentiation in acute myeloid leukemia. Cancer Res. 61: 

2- 7, 2001; Gottlicher, M. , Minucci, S., Zhu, P., Kramer, 0. H. , Schimpf, 
A., Giavara, S. , Sleeman, J. P., Lo Coco, F. , Nervi, C. , Pelicci, P. G. 

, and Heinzel, T. Valproic acid defines a novel class of HDAC inhibitor 
s inducing differentiation of transformed cells. EMBO J. 20: 6969-6978, 

2001) 0 ^bKWAcumMtim^^mmx-m^^^mtr^mmt(D 

As%®B&<Dfrfcfc$M£tlZ> (Minucci, S. , Horn, V., Bhattacharyya, N. , Russ 
anova, V., Ogryzko, V. V., Gabriele, L. , Howard, B. H., and Ozato, K. A 

histone deacetylase inhibitor potentiates retinoid receptor action in e 
mbryonal carcinoma cells. Proc. Natl. Acad. Sci. USA 94: 11295-11300, 1 
997; Ferrara, F. F. , Fazi, F. , Bianchini, A., Padula, F. , Gelmetti, V., 
Minucci, S. , Mancini, M. , Pelicci, P. G. , Lo Coco, F. , and Nervi, C. Hi 
stone deacetylase-targeted treatment restores retinoic acid signaling an 
d differentiation in acute myeloid leukemia. Cancer Res. 61: 2-7, 2001; 

Coffey, D. C. , Kutko, M. C. , Glick, R. D. , Butler, L. M. , Heller, G. , R 
ifkind, R. A. , Marks, P. A. , Richon, V. M. , and La Quaglia, M. P. The h 
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istone deacetylase inhibitor, CBHA, inhibits growth of human neuroblasto 
ma xenografts in vivo, alone and synergistically with all-trans retinoic 
acid. Cancer Res. 61: 3591-3594, 2001; Petti, M. C, Fazi, F., Gentile 
, M. , Diverio, D. , De Fabritiis, P. , De Propris, M. S. , Fiorini, R. , Spi 
riti, M. A., Padula, F. , Pelicci, P. G. , Nervi, C. , and Lo Coco, F. Com 
plete remission through blast cell differentiation in PLZF/RARalpha-posi 
tive acute promyelocytic leukemia: in vitro and in vivo studies. Blood 
100: 1065-1067, 2002) „ #< ©^A / »T'«^Ay^^lJ5l^(D^^'(£ 

>/Xt>mm£tlZ> (Nan, X., Ng, H. H. , Johnson, C. A., Laherty, C. D. , 
Turner, B. M. , Eisenman, R. N. , and Bird, A. Transcriptional repression 

by the methyl-CpG-binding protein MeCP2 involves a histone deacetylase 
complex. Nature 393: 386-389, 1998; Cameron, E. E. , Bachman, K. E. , Myo 
hanen, S. , Herman, J. G. , and Baylin, S. B. Synergy of demethylation an 
d histone deacetylase inhibition in the re-expression of genes silenced 
in cancer. Nature Genet. 21: 103-107, 1999 ; Li, Q. L, Ito, K. , Sakakur 
a, C, Fukamachi, H. , Inoue, K. , Chi, X. Z. , Lee, K. Y. , Nomura, S., Lee 
, C. W. , Han, S. B. , Kim, H. M. , Kim, W. J., Yamamoto, H. , Yamashita, N. 
, Yano, T. , Ikeda, T. , Itohara, S. , Inazawa, J., Abe, T. , Hagiwara, A., 
Yamagishi, H. , Ooe, A., Kaneda, A., Sugimura, T. , Ushijima, T. , Bae, S. 
C. , and Ito, Y. Causal relationship between the loss of RUNX3 expressio 
n and gastric cancer. Cell 109: 113-124, 2002; Boivin, A. J., Momparler 
, L. F. , Hurtubise, A. , and Momparler, R. L. Antineoplastic action of 
5-aza-2' -deoxycytidine and phenylbutyrate on human lung carcinoma cells. 

Anticancer Drugs 13: 869-874, 2002; Primeau, M. , Gagnon, J., and Mompa 
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rler, R. L. Synergistic antineoplastic action of DNA methylation inhibi 
tor 5-AZA-2' -deoxycytidine and histone deacetylase inhibitor depsipeptid 
e on human breast carcinoma cells. Int J Cancer 103: 177-184, 2003) 0 
HDAC pl^jSfUli, M&AJ®kVX<Dfri£b'fs &A,^>P5mt VXhMnZtiX 
V^-5 0 TSA^SAHA^ft, M&<D4k^frA,*7*MZ&^X%m<Dm±&mmz. 

- t 'b^tl/TV^ (Gottlicher, M. , Minucci, S. , Zhu, P., Kramer, 0. H. , 
Schimpf, A. , Giavara, S. , Sleeman, J. P. , Lo Coco, F. , Nervi, C. , Pelic 
ci, P. G. , and Heinzel, T. Valproic acid defines a novel class of HDAC 
inhibitors inducing differentiation of transformed cells. EMB0 J. 20: 6 
969-6978, 2001) 0 

mhcmmmnm&Asmuftfch. mk.^e.^^b. $.Mm, mmm (Dar 

kin-Rattray et al. Proc. Natl. Acad. Sci. USA 93, 13143-13147, 1996) & if 

ot&m • &mm, &b\azmfc*mmz&v?>'<*?~mA<D®mik (Dion et 

al., Virology 231, 201-209, 1997) x ^Aitfc^Ofl^/ui (Chen et al. , 
Proc. Natl. Acad. Sci. USA 94, 5798-5803, 1997) & tfHfc* ftj&ffi *>f^ kftT 

£fc, mkcmmMteshwm±mmim*^-rz>b%z.tbtix\,^ (Km, 

M. S. , Kwon, H. J., Lee, Y. M. , Baek, J. H. , Jang, J. E. , Lee, S. W. , Mo 
on, E. J. , Kim, H. S. , Lee, S. K. , Chung, H. Y. , Kim, C. W. , and Kim, K. 
W. (2001). Histone deacetylases induce angiogenesis by negative regulat 
ion of tumor suppressor genes. Nature Med. 7, 437-443; Kwon, H. J., Kim 
, M. S. , Kim, M. J., Nakajima, H. , and Kim, K. W. (2002). Histone deacet 
ylase inhibitor FK228 inhibits tumor angiogenesis. Int. J. Cancer 97, 2 
90-296) 0 

j7b&/vt<Di&mftM&&t>frvx%tc 0 wx.\t s m$A,<D&iM\zmit>xm^ 
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h V) (Ito, A. , Lai, C. H. , Zhao, X. , Saito, S. , Hamilton, M. H. , Appella, 
E., and Yao, T. P. (2001). p300/CBP-mediated p53 acetylation is commonl 
y induced by p53-activating agents and inhibited by MDM2. EMB0 J. 20, 13 
31-1340), ^0*»i6|a*fcHDACl 4* HDAC2*BBt>5r i:(Jt«n, L. J., Shia, W. 
J. , Chen, M. H. , Yang, W. M. , Seto, E. , Lin, Y. S. , and Wu, C. W. (2000 
). Histone Deacetylases Specifically Down-regulate p53-dependent Gene Ac 
tivation. J. Biol. Chem. 275, 20436-20443) > mffrM^'l46M (APL) (T)% 
^{-M^^^6«PML-RAR^PLZF-RAR, V ^■©JSjEfcHfrS Bcl-6^©3S 
Alfi?*, ^n!)/l/yt- ^UTHDAC4^^^y ^71— b U jEfiffc# 

-5 (Dhordain P. , Albagli, 0., Lin, R. J., Ansieau, S. , Quief, S., Leutz, 
A., Kerckaert, J. P., Evans, R. M. , and Leprince, D. (1997). Corepressor 

SMRT binds the BTB/P0Z repressing domain of the LAZ3/BCL6 oncoprotein. 
Proc. Natl. Acad. Sci. USA 94, 10762-10767; Grignani, F. , De, M. S. , Ner 
vi, C. , Tomassoni, L. , Gelmetti, V., Cioce, M. , Fanelli, M. , Ruthardt, M 
., Ferrara, F. F., Zamir, I., Seiser, C. , Grignani, F. , Lazar, M. A., Mi 
nucci, S. , and Pelicci, P. G. (1998). Fusion proteins of the retinoic ac 
id receptor-alpha recruit histone deacetylase in promyelocytic leukaemia 
. Nature 391, 815-818; He, L. Z., Guidez, F. , Tribioli, C. , Peruzzi, D., 

Ruthardt, M. , Zelent, A., and Pandolfi, P. P. (1998). Distinct interact 
ions of PML-RARalpha and PLZF-RARalpha with co- repressors determine dif 
ferential responses to RA in APL. Nature Genet. 18, 126-135; Lin, R. J., 

Nagy, L., Inoue, S. , Shao, W. , Miller, ?. J., and Evans, R. M. (1998). 
Role of the histone deacetylase complex in acute promyelocytic leukaemia 
. Nature 391, 811-814) „ *:<D-jjX\ ttflM*JtftK3ft3t*-<5 HDAC ^794 -f 
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^g^tv(McKinsey, T. A., Zhang, C. L., Lu, J., and Olson, E. N. (2000). S 
ignal-dependent nuclear export of a histone deacetylase regulates muscle 
differentiation. Nature 408, 106-111; Verdel, A., and Khochbin, S. (199 
9). Identification of a new family of higher eukaryotic histone deacetyl 
ases. Coordinate expression of differentiation-dependent chromatin modif 
iers. J. Biol. Chem. 274, 2440-2445), £P1* LtH^tcMZte^y ? J 

%>&MX&Z> (Verdel, A., Curtet, S. , Brocard, M. -P. , Rousseaux, S. , Lem 
ercier, C. , Yoshida, M. , and Khochbin, S. (2000). Active maintenance of 
mHDA2/mHDAC6 histone-deacetylase in the cytoplasm. Curr. Biol. 10, 747- 
749) o HDAC6»*)|tmft£^ma s if <x IE?£ftjS§Ji&0$Mfcfc:§i*>5 tmfezti 
Z> B £fc N HDAcettm/hW^T-fe^Wk^iB-^U, m^<v%fe&*MmirZ> 

r kfrftibtlX^Z) (Matsuyama, A., Shimazu, T. , Sumida, Y. , Saito, A., Y 
oshimatsu, Y. , Seigneurin-Berny, D. , Osada, H. , Komatsu, Y., Nishino, N. 
, Khochbin, S. , Horinouchi, S., and Yoshida, M. (2002). In vivo destabil 
ization of dynamic microtubules by HDAC6-mediated deacetylation. EMB0 J 
. 21, 6820-6831) 0 £ <b\Z, HDAC6 nm^K^ir^&iT±^immX% 
$BJ5S<£>gStH4fc:i§ll-§-1"£ (Hubbert, C. , Guardiola, A., Shao, R. , Kawaguchi, 
Y., Ito, A., Nixon, A., Yoshida, M. , Wang, X.-F., and Yao, T.-P. (2002) 
. HDAC6 is a microtubule-associated deacetylase. Nature 417, 455-458) 

e £<>xMACG<Dmm\nimtommtt£z^mmsh?>o tsae^hdacij-:/ 

Lti*^^ b ^&#0 b7^>ytt HDAC6 *im-rZ> r t (Fu 
rumai, R. , Komatsu, Y. , Nishino, N. , Khochbin, S. , Yoshida, M. , and Hori 
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nouchi, S. Potent histone deacetylase inhibitors built from trichostati 
n A and cyclic tetrapeptide antibiotics including trapoxin. Proc. Natl. 
Acad. Sci. USA 98: 87-92, 2001.) 0 ^©^*^lf^^b, Itfh7 

z<D-h \m&7- h y^y^ »©^[aoti^ ft hdac ttHRtt&IW 
&&MSh?# ftRrtBttasfes r. b few LTV* S. 

TSA «t KP*f"AiMEa5HDACjgtt4«4ry M*JT16»fcBtti-6 £ b Tffl^ 
EH££:3Ff (Finnin, M. S. , Donigian, J. R. , Cohen, A., Richon, V. ML , Ri 
f kind, R. A. , Marks, P. A. , Breslow, R. , and Pavletich, N. P. Structure 
s of a histone deacetylase homologue bound to the TSA and SAHA inhibitor 
s. Nature 401: 188-193, 1999.) 0 t Kn $MfAg&£^3 HDAC fBMfflb L 
TJ3 N Oxamf latin (Kim, Y. B. , Lee, K. -H. , Sugita, K. , Yoshida, M. , and H 
orinouchi, S. Oxamflatin is a. novel antitumor compound that inhibits ma 
mmalian histone deacetylase. Oncogene 18: 2461-2470, 1999.) % CHAP (Fur 
umai, R. , Komatsu, Y. , Nishino, N. , Khochbin, S. , Yoshida, M. , and Horin 
ouchi, S. Potent histone deacetylase inhibitors built from trichostatin 
A and cyclic tetrapeptide antibiotics including trapoxin. Proc. Natl. 
Acad. Sci. USA 98: 87-92, 2001., Komatsu, Y., Tomizaki, K.-y., Tsukamoto 
, M., Kato, T. , Nishino, N. , Sato, S. , Yamori, T. , Tsuruo, T. , Furumai, 
R., Yoshida, M. , Horinouchi, S. , and Hayashi, H. Cyclic Hydroxamic-aci 
d-containing Peptide 31, a potent synthetic histone deacetylase inhibito 
r with antitumor activity. Cancer Res. 61: 4459-4466, 2001.) ft2ft>£nk 

ffljMfc^ftfc m^m^m^m-f * > t * h lt l £ 9 b*<Dm& 

x\ t Ka^A^HrfS hdac $mmtZfr*.X*(DbZ hm^hMbhxm 
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&<DM7tfc£ y$LV,z> s J-3—>vmK HDACjgttsK^ bfvoimtWfiLlrzm 

HDAC&ia$U#5££i&S*$;h/fc. FK228 «ft 

<DM%f3 XM% £ tbT^'fbi- 57°nF7 5/^T^5 (Furumai, R. , Matsuyama 
, A., Kobashi, N. , Lee, K. -H. , Nishiyama, M. , Nakajima, H. , Tanaka, A., 
Komatsu, Y. , Nishino, N. , Yoshida, M. , and Horinouchi, S. (2002). FK228 
(depsipeptide) as a natural prodrug that inhibits class I histone deacet 
ylases. Cancer Res. 62, 4916-4921) „ 

995) N - x<Dmmm*$:fe&te ¥<om* <o&xmm& t lt+#«^t*# 
s w<Mz.ttM\,tch<D\xiz\,\ ^zxzftb<Dmm&%BfcLtcmm<Dmms 
%n<m*tix^z> 0 

#i-z>m^ v 7-<y^ mmz%i-zfc&®%&mu z<d hdac mmm®.* 
mtix^KMm, Y^^-t^\\^m\tin vitro xnmm^^x 

tt $ « 2f !SlV^ HDAC asisttSr* $ fcv^ Sjc^J-efe 5 s^;*-* W V 
jt&ZikX^X—frfrkirsbm^ HDAC BL§SttSrWi-« Hfc^Jifc, 

jt7cT^*A^ K^flSgig LT3S(V^i4^«f*§tL5 HDAC |fi*jW©:/P K 
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yit&%)oM.mtpx»<Dgfem*mi-k t ^ $mM (-sx> 
^m.m\t^^m^^h n t \z& «? , hdac ii*#m^%ms<^tt£B« 

[1) ^TO-^ (1) T^$*i,5{b^o 



l 43 O 




[5S«t\ R n , Ra, R 31 , R 41 «^^m^^LT^*fc«^^^^r^-r o R^, 
R23. R 32 . R 33 » R«. R4s«^tt-eti3a5tLT7K^, $^iU~6 <z>it$|T/i^i^ 

rnrnw: i~6 ommr^^m, ^mmmwr /K*/um, ^tom^mmmk 

***£©wf nt>>%7tfr 0 *1t. K t R^, R, 2 t ^ R 31 1 R 32 , R 32 b R 33 , R 41 

Hfc i~5 (DUmr/^uym. fcmm i~6 1-5 

©EiT/^l-^ fcL<!3\ ^^l-6©^«5t^^fc«^^l~5 
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C6] ci] mm<Dfc&w*m®f8.frkhx^-r?>. nfi/vismnmM, 

(93 -IKS (2) 



Pi-NRn^ ^COOH 

n tt-IKS: (1) -C^ilfcii«t?*)!Jx Hal te&HIIiK HHM^ 

&itftT/i>*frXJV7**i/m(D\t^-rfi&m*Xi>3:<. P 2 ttTS/gofi^l 
I^it) ^SftSfl^Sr, -lass O) 
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R22 R23 R32 R33 R42 R43 

v. y y t3) 

HNR21^ Ss »CONR31 / \cONR41 xX ^COOP2 

(5$f\ R n , Bjj, R^, R 31 , R 32 , R 33J r 41) r 42 , -#5fc (1) T? 

^^^K^#JO#£TT*£jS£* N (4) 
Hal 



{jr. 



R22 R23 R 32 R33 R42 R43 

^ y y y 

Pi-NRn^ ^CONR2i x S 'CONR3i'^^CONR4i^ V ^COOP2 

(4) 

(5£«K n, R n , R21J R^, R*, R 31 , R 32 , R^, R 41 , R 42 , R 43 , ? v P 2 , 21 IK Hal tt 



R43 

R42 



V R41R11 VT frHal 



JL ?31 R21 Js. 

\ / 



R33 

R32 



R22 

R23 (5) 



&<Ps n, R n , R 21 , R^, R 2J , R^, R s2> r^, r 4i> r 42j r 43> Pjj p 2> £.^ Hal jj 

) 
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P1-NR21 




COOH 



(6) 



R 21 , R 22 , R^ 8,,, R32. Rss. R41. R42. R43. tuBX^m^tc 

tmmxhz)-xm£*iz>ik&®*.- (.7) 



Pi-NR21^^-CONR31^^CONR41^ ^CONRn^ ^COOPz 

(8) 

(5£1\ n, R u , R 21 , R^. R*. R 31 , R 32 > R «> R «> R «> Pp p 2 > &^Hal « 
SfS^t, _hiB-$5S; (5) T?^$ti/5fl2-&*Sr#, ftV>t?-JRS; (5) 
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R43 




R23 



(i^fK n, R n , Rj,, 1*22. R 2 3» ^3i» K 32 , R 33 , R 41 , R 42 , 2fc.l£R 43 f3\ sulB"C^^U 

&lt. *%w<DmM(DMn\z^xmm\zm^%MM\mw-rz 0 
mt hdac mmm t l xwa x # 5 . 

±153; (1) f . R„, Rn, R 31 , ^tt-ttb-PtUftiUT^ill^fctt^^Si: 
"t-5it*5Tt5. R 22 , R 23J R 32 , R 33 , R 43 tt, *h/-e*L»5fcU-C*5* 

, i~6 ommr ttc^^mtm^r/^^m^-rfi^t 

&m&LX^Xb X\t\ R 2 1 ^ R22» R22 t ^23. Rsi k R» ^32 t R^, R 41 t R« 

, R 42 tR 4S ^ ^tT^eti^^fc-r^si^«5t«:toT%i<, tnt®&mm 
rn. i~5 ©i£^T/v=¥ wys, fitmm i~6 ©^tt«sr^rrs«ft^** 1-5 © 

femr^vym, hL< ttmmWc i~6 <am*^£<I;ifcM^|§ifr i~5 <de 

^ff- mmMftft HDAC LT«|B L#£ £ %X. 
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KM$lirZ>^b&X%Z> 0 

g©^5£tt£i§*5fcfcK:, X^ttfefrrtt?fW**lx ^tftT^WftS 

I#t'fcoT^i«fI^i:±lBS; (1) Wfl^i^^7^^^ 
LT^L#57;H^St) L< Ii7 !) ^fcfisuB^, R„, R 32 > ^ 

R 42 , £fcteR 43 ©^fcjS^UttXO&fc{flflH-5S|JtW^fc^rtS?^7 

StL<tt7P-^li, £b\zW&&t£k*%m7LX^Xb£<s £fc. HDAC 
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tcTfr*^* y~£ tcitT V /M ls%> SS-/^ ~f V y K© X m 

h y-<zrf- mm*bmMm**T*ommnfrtbtzzmMn, hdac 

^12. -/NP7;Vi/ ^^^H^i VXZkTOM 9 Mif-f^ - £ & 

-et 5 0 fc*5, R„, 8a,, R 22 , R23, R M , R 32J R 33 , R 41 , R 42 , R 43% & £tf n & 2f 

zxmxhZo gft&oKft, (2) 



Pi - NR11 




(2) 
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HNR21 




COOP2 



(3) 



— iRsS (5) 



&-£t*&mkR]&£^ -JKS; (9) 



P1-NR11 




COOP2 
(4) 
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1 8 



R43 

R42 



R23 

(9) p 3 \$*>\<7h h*y/vm<Dumm*mi- 0 zftzmnkz^-tz?*- 
R22 R23 R32 R33 R42 R43 

Pi-NR21^^CONR31^ S ^CONR41*^ S% COOH 

x^istizikftyoz^ (7) 




n (7) 
HRuN^ ^COOP2 
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P1-NR21 




CONR11 




Hal 



COOP2 
(8) 



tfttaifcEJfcj*** -JRaS; (9) 



^ ^a^fuJ^k&kftTV^ (Yoshida, M. , Nomura, S. , and Beppu, T. Effe 
cts of trichostatins on differentiation of murine erythroleukemia cells. 
Cancer Res. 47: 3688-3691, 1987; Hoshikawa, Y. , Kijima, M. , Yoshida, M 




P3 



(9) 
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, , and Beppu, T. Expression of differentiation-related markers in terat 
ocarcinoma cells via histone hyperacetylation by trichostatin A. Agric. 

Biol. Chem. 55: 1491-1495, 1991; Minucci, S. , Horn, V., Bhattacharyya, 
N. , Russanova, V. , Ogryzko, V. V. , Gabriele, L. , Howard, B. H. , and Ozat 
o, K. A histone deacetylase inhibitor potentiates retinoid receptor act 
ion in embryonal carcinoma cells. Proc. Natl. Acad. Sci. USA 94: 11295- 
11300, 1997; Inokoshi, J., Katagiri, M. , Arima, S. , Tanaka, H. , Hayashi, 

M. , Kim, Y. B. , Furumai, R. , Yoshida, M. , Horinouchi, S. , and Omura, S. 

(1999). Neuronal differentiation of Neuro 2a cells by inhibitors of eel 
1 progression, trichostatin A and butyrolactone I. Biochem. Biophys. Re 
s. Commun. 256, 372-376; Wang, J., Saunthararajah, Y. , Redner, R. L. , an 
d Liu, J. M. Inhibitors of histone deacetylase relieve ETO-mediated rep 
ression and induce differentiation of AML1-ET0 leukemia cells. Cancer R 
es. 59: 2766-2769, 1999; Munster, P. N. , Troso-Sandoval, T., Rosen, N. , 
Rifkind, R. , Marks, P. A. , and Richon, V. M. The histone deacetylase in 
hibitor suberoylanilide hydroxamic acid induces differentiation of human 

breast cancer cells. Cancer Res. 61: 8492-8497, 2001; Ferrara, F. F., 
Fazi, F. , Bianchini, A. , Padula, F. , Gelmetti, V. , Minucci, S. , Mancini, 

M. , Pelicci, P. G. , Lo Coco, F. , and Nervi, C. Histone deacetylase-tar 
geted treatment restores retinoic acid signaling and differentiation in 
acute myeloid leukemia. Cancer Res. 61: 2-7, 2001; Gottlicher, M. , Minu 
cci, S. , Zhu, P. , Kramer, 0. H. , Schimpf, A. , Giavara, S. , Sleeman, J. P 
., Lo Coco, F. , Nervi, C. , Pelicci, P. G. , and Heinzel, T. Valproic aci 
d defines a novel class of HDAC inhibitors inducing differentiation of t 
ransformed cells. EMB0 J. 20: 6969-6978, 2001) 0 iot N 
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o 

HDAC SrM-rS-fb^tts JliLflr*rife*ia$1-5i^2®§*tTV^5 (Kim 
, M. S. , Kwon, H. J. , Lee, Y. M. , Baek, J. H. , Jang, J. E. , Lee, S. W. , 
Moon, E. J. , Kim, H. S. , Lee, S. K. , Chung, H. Y. , Kim, C. W. , and Kim, 
K. I. (2001). Histone deacetylases induce angiogenesis by negative regul 
ation of tumor suppressor genes. Nature Med. 7, 437-443 ; Kwon, E J. , K 
im, M. S. , Kim, M. J. , Nakajima, H. , and Kim, K. W. (2002) . Histone deac 
etylase inhibitor FK228 inhibits tumor angiogenesis. Int. J. Cancer 97, 
290-296) o iot, ttmOfc&VoK, Jk^mGEm&fflkVXhfflRVgZo 
tit, *%m<o4k&m*. m*<DWAC<Doh, HDACl, 4(^LT1^|C 
»V^IMigtt&j3*1% %<Dtc#>, HDACl, 4\ZtgmV1t$m 

HDACl, 4iS«4Lfcl2^Is Buffi, &%mi£ZttV>ZZk1fi 

%wj:k<D£ 5fzmfc?mm<Dffim%ih5wzmmMk vxj^mLxh^\ 
ttc, *&m<Dtt&toft w?/>c ym* dna * ^Mmmn t &m-tz z.k& 

m<omm^mmmm^^^xhx^\ ^(ommmmk vx^momm 
^mmmt.tc\t^m^it^xm^ix%, mint, mm, %m, mu mm 

mm, *7±/iw\zimirzz.k&'T?% zmmtLxti* m^^y^y. 
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— >K ^tf-vtt^MfiHtau it^JJy/V^-f 80™, HCO-50 i#^LT 

MiLTft, #nx.tf % a&ragsu Bam-vm* g&s-sMfc^ 

M 60kg £ UT) fc*5V^Tft % ii^ 1 0 £ 0. 01 tf>£> 30mg, 0£ L< 
0. 1 ^ P> 20mg N «fc 9 # * L < \m 0. 1 h lOmg ^gSrf^&IJfc J: 9 Wt^lT 5 
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<Di>mm&-ehz> t%z.t>tiz>o m<DM%)(Dig&hs #a 60k g ^tcvk&ml 
, MM±mm, mvt. R^ciotiii^s^ m^tm^mx item. 60k g 

tit) [C*5V>-C(i> 1 ahtcVmiOOngfrib 20mg X*hZt^Z_ibinZ> 0 

m 1 m&mx~hz> : 7'*-frmt.x*<Dmm0.%t: 5 <d ldld wh^\% ldll # 

© scop ©fit^©— 3t&7Fi-mxhz> 0 

m 2 te, ^S-C*$>5^^"/vS*-e<Z)^«4 ~ 7 © SCOP <Dl#3££^-r 
ST'foSo ft*5. H(^^TSC0P152 (C5)« s HI 1 tS^UT^i" 0 

HI 3», **^>f-v— WL<DSC0?<DWm&7F'tmXhZ> o ft*5, SC0P#W^ 

SCOP 1 5 2Km*(Dfc&%)&W&£"&tc/^-7V v h*m<D SCOP (DM 

m5te, 3e$©cyi-i, cyi-2 fiS:^^^^^-^— ^*^i-n-efo5o 

0 7(1:, SCOP 152 % SCOP 304 *5J:t^ SCOP 402 ©jdiLM^W^Jttt^ffHli&fT 
®8«, SCOP 152 N SCOP 304 & <£ IF SCOP 402 <E>$BJ& \"<flsr*<Dgfe&<Dffffi 

^!3»«T?^^^©^Xe©^©JJfch,SrHl x 2tC*%U H-L-Ab7-0H 
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2-amino-7-bromoheptanoic acid £r TAb7j 2-amino-7-acetyltioheptanoic 
acid TAm7(Ac)j 2-amino-7-mercaptoheptanioc acid TAm7j i s sul 
fide of 2-amino-7-mercaptoheptanioc acid rAm7(-)j 2-amino-8. 9-dim 
ercapto(S 9 -2'-nitro-N,N' -dimethyl benzamide) £r rAm7(Ell)j 2-amino-8, 
9-dimercapto-ll-hydroxyundecanoic acid £r rAm7(SMEt)j 2-amino~8. 9-di 
mercapto (S 9 -2' -pyridyl) nonanoic acid %r rAm7(S2Py)j <h N 2-amino-8. 9-dim 
ercapto (S 9 -4' -pyridyl) nonanoic acid ^ rAm7(S4Py)j 2-amino-8, 9-dime 
rcaptodecanoic acid & rAm7(SMe)j ilfc-fo ^tc s ^J&ffrg^'CfcS Sulfur- 
containing cyclic peptides TSCOPJ £ L-"CtjH~c. 
MMM 1 . Boc-L-Ab7-0H (D&f& 

H-L-Ab7-0H (7.3 g, 32.4 mmol) SttK : = 1 : lffiR (30 ml, v 

/v) fc»i*U 7tC^T(Boc) 2 0 (7.68g, 35.6 mmol) Wby^W^ (6 
.72 ml, 48.6 mmol) ZMx. 5 H#raR#Lfc 0 KJ£?£&&*3K ^-7VVrife^ 

, ^m^mk\zvxm&^/v-?mmiiiviZo M g so 4 -c^M N mst 
^^*«*u wmmmm^^ommt^-m (10.4 g , 32.4 mmoi, urn 

100%) &#fc 0 

MMM 2 . Boc-L-Ab7-NHMe 

Boc-L-Ab7-0H (326 mg, 1.0 mmol), / ^ ^ V (81 mg, 1. 2 mmol) 

, HOBt • H 2 0 (184 mg, 1. 2 mmol) <D DMF (3 ml) *gjRK:*?&T"T? h V zc.'f'A'T 
5^ (0.17 ml, 1.2 mmol) &TJ?DCC (247 mg, 1. 2 mmol) &Mz.tc 0 15^^ 

dw&®£u mnt^Mmmu io% t^i/m*mm. n mm^m 

tto^y? yi/^i/y-fttftVtrxi-^yify? 4- (3. 6 x 15 cm, ? uvfofrj*) 

xmmu ^-?;\> / ^m^-^jv aao) %Mx.xmk\^ &&m^<owM 

fc£4fe (250 mg, 0.74 mmol, W 74%) £#fc 0 TLC: Rf = 0.58 (CHC1 3 / MeO 
H = 9 / 1) 
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MMM 3 . Boc-L-Am7 (Ac) -NHMe (D&fo 

Boc-Ab7-NHMe (125 mg, 0. 37 mmol) 0) DMF (2 ml) WflL\Z^ V V 

J\ (64 mg, 0.56mmol) &1)\\%.X 3 V$ffl%.f&&1ttc 0 DMF«r®*U SHft*^ 
fc*#U 10% ^^^m7K^»U«^fP^^7KTiE^»L7cm. MgS0 4 T?e«| 
. v SttU ^—T.^J %m^-T/k (1:10) ^PX-TBttW &-fe#>*0||B-fb . 
£4& (120mg, 0.36 mmol, W 97%) £#fc e TLC: Rf = 0.57 (CHC1 3 / MeOH = 
9 / 1) 

H»J4. Boc-L-Am7(-)-NHMe SS dimer <D&jfc 

Boc-Am7(Ac)-NHMe (60 mg, 0.18 mmol) <D DMF (0.5 ml) f$ftL\C*# S*- 
Tl/*~T (20 eq.) fcjp*., 24 «PlHffi|# Lfco KiSilS&WIBfL ^feLfcSS 
dimer ^77y^^^^P^f^77^- (1.5X30 cm, 1% * ? J — 
/V / ^pp« -CfifiKL, 6-fel&5fc©«iBfc-&* (43 mg, 0.11 mmol, Jfc 
^ 61%) £#fc 0 HPLC &j$R#RU 8. 5 min, HRMS (FAB, dithiodiethanol) , 579 
.3293 [M+H], C 26 Hs,0 6 N 4 S 2 (579.3250). 
%Wfr\ 5 . Boc-L-Am7 (S4Py) -NHMe <D&& 

Boc-Am7(Ac)-NHMe (60 mg, 0. 18 mmol) <D DMF (0.5 ml) 4, 4' 

i?WJy (79 mg. 0.36 mmol) RTf* ? J — /H4T >-^=T (20 eq. ) ^Px. 

77>f- (1.5X30 cm, ^nn^/VA) T?**«U aC3tett*ft4rfrV\ 

m (43 mg, 0.11 mmol, W 61%) £r#7c 0 HPLC 5.6 min, HRMS (FA 

B, dithiodiethanol), 400.1766 [M+H], C 18 H 29 0 3 N 3 S 2 (400. 1729). 

mMM 6 . Boc-L-Ab7-0Bzl <D&f& 

Boc-L-Ab7-OH (4.05 g, 12.5 mmol) % DCM (20 ml) |«L, «T^V-^ 
/V7;^3-;V (1.55 ml, 15.0 mmol), 4ri?*7'A'T § S \£V &f (153 mg, 1.2 
5 mmol) &tfDCC (3.09 g, 15. 0 mmol) SriPx 8 l$MSI#£rfTo fc 0 

Bfflfc*^fc»#U 10% 4% ft|fc**^-MJ ?-M< 
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mmRxfMfQ±M7k-emfcfo&isit 0 ngso t xm®&. mm, ati»*77r> 

ai/y^Wov (5X20 cm, 20% %&k^*f-)\> / ^-fy) 1? 

*fl[U m^<omm^m (4.29 g, 10.4 mmol, 83%) TLC: Rf = 

0.49 (IHfecTvU / ^rl^ = 1/4) 

7 . Boc-L-Ile- L-Pro-OBzl <£>-g-J& 

Boc-L-Pro-OH (1.08 g, 5.0 mmol) ^V^7o ^ K (0.893 ml, 75 mmol) 
b^WSF (10 ml) 7fcifcT-e hV ^)VT 5 ^ (10.5 ml, 75 mmol) #3ET 

-C^^iirT, ^CfdBoc-L-Pro-OBzl UT#7t 0 ^JX^r?lC^T2N 

HC1 / (5 eq.) -T?3^SlS^*T, H-L-Pro-0Bz 1 • HC1 £:#7C 0 

Boc-L-Ile-OH • 1/2 ^0 (1. 39 g, 6.0 mmol), H-D-Pro-OBzl • HC1 (956 mg, 4 

.0 mmol) RXfKOBf 1^0 (613 mg, 4.0 mmol) <D DMF (10 ml) ^Cn^k^T"? 

DCC (1.24 g, 6.0 mmol) RTFh V ^>VT % 1/ (0.70 ml, 4.0 mmol) &Mz.tc 

wt^m-th)) vj*7km®RVf&m±mfcx*m&m$vtc 0 Mgso^&j^ mm 

> Kltti*7??^J/!)^P7 h^97^- (4X30 cm, 1%^ * / 
/ ^n*M) "CiBflSU JfitfcOSlB-ffc'S* (1.63 g, 3.38 mmol, JR^ 85% 
) £#7c 0 TLC: Rf = (CHC1 3 / MeOH = 9/1) 

8 . Boc-D-Tyr (Me)-L-Ile-L-Pro-OBzl (D&fo 
Boc-L-Ile-L-Pro-OBzl (1.63 g, 3.38 mmol) & TFA (5 ml) fcSflfU tKJ^ 

TSO^WJWlbfc. R*:|*T*TFAftfr*U »ffiT«i*U H-L-Ile-L-Pro-0 
Bzl-TFA £#fc 0 Itl§r DMF (8 ml) Boc-D-Tyr (Me) -OH (1.50 g, 

5.07 mmol) kUafL^ fgl^-OJC^T HBTU (1.92 g, 5.07 mmol), HOBt • HLgO (51 
8 mg, 3.38 mmol) h V ^5vVT ^ ^(2. 37 ml, 16. 9 mmol) ^Bx. N 3 H${3 

7kmThv$j**m&RxfmiikM&xmfcffifrLt£ 0 Mgso 4 

7 7 7 y v/ U * a f ^7 7 ^ - (4X30 cm, 1%t**/ 
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-/W / ?uv*/UJ±) T?*|ftKU y*— J»WSDmU4t&®} (1.44 g, 2.42 mmol 
, Jfc# 72%) &#fc 0 TLC: Rf = (CHC1, / MeOH = 9/1) 
MMffl 9 • Boc-D-Tyr (Me) -L-I le-L-Pro-L-Ab7-OBzl <D&$L 

Boc-D-Tyr(Me)-L-Ile-L-Pro-OBzl (1. 44 g, 2.42 mmol) ^tZJ—A' (12 ml 
) fc#*U 5%-Pd-C. (150 jng) #_ST^M7n^fto7c 0 5_^f|0m. Pd-CM^ 
SriEfiU U^WL^^k. Boc-D-Tyr(Me)-L-Ile-L-Pro-0H-TFA$r#fc o 

Boc-L-Ab7-OBzl (1.29 g, 3.12 mmol) £ TFA (10 ml) KljgflPU 30 

ftrmm^tc, sjs»t«tfasts*u wasnefcu H-L-Ab7-oH • tfa 

fc 0 rtl&DMF (16 ml) lCjg#£i3\ Boc-D-Tyr (Me) -L-I le-L-Pro-OH (1.21 g, 
2.40 ■aoDSrJP^ J^V>TtR?^THBTU (1.18 g, 3.12 mmol), HOBt • IL.0 (368 
mg, 2. 40 mmol) Rtf b V $ ^(1. 34 ml, 9. 6 mmol) 3 ftlHJft 

v vj*7mmRTfimQ&^vm&ffi£vtco Mgso 4 -eis«^ mm, 7*~& 

tt*i75yVai/!l*^o , rh^?7-f- (4X30 cm, 2%*?S—jW? 
nn^VA) -e»»U 7*— AJ|K©*«Mfr&* (1.20 g, 1.47 mmol, ft* 61 
%) £#fc 0 TLC: Rf = (CHC1 3 / MeOH = 9 /1) 

1 O . H-D-Tyr (Me) -L-I le-L-Pro-L-Ab7-0H • TFA <D&& 
Boc-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0Bzl (1. 20 g, 1.47 mmol) >V 
(7.5 ml) \mmU Pd-C« (130 mg) T, g&fcXTcStfTofc. 5 f#W^ Pd- 
C U Boc-D-Tyr (Me)-L-Ile-L-Pro-L-Ab7-0H Sr^fc 

o TFA (5 ml) !«L, 30 #KfltfB L;fc. * 

-tvv / ^ffi^-Tvi' (i:io) fc^TUHbU i*ETfti*^K:«IIWb'g-i» (7 
70 mg, 1. 02 mmol, Jfc* 69%) &#fc 0 

11. Cyclo (-L-Ab7-D-Tyr (Me) -L-Ile-L-Pro-) 
H-D-Tyr(Me)-L-Ile-L-Pro-L-Ab7-0H«TFA (770 mg, 1.02 mmol), HATU (388 m 
g, 1.53 mmol) AT* DIEA (0.71 ml) ^5^S'JLT 30 DMF (1000 ml) 
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% 10% t^yWtXffi&s 4% NaHC0 3 S.^fP^^7KX'J(lW^ U MgS0 4 Tffcjfc 

— (4X30 cm, 2^^/-;V/^oc*M) "Cft^U 7*— 130 
mg (21%) &#fc e HPLC feWfeffl, 8.20 min., FAB-MS (dithiodiethanol), 593 
[M+H], (593.2). 

MMffl 1 2 . Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-L-Pro-) <D^$L 

cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pro-) (25 mg, 0.042 mmol) <D DMF (0.5 m 
1) »»K:^*fiSfc*y (9.59 mg, 0.084 mmol) ZMtLX 3 
fc 0 DMF &g*U 8Bt«riWI*^'/H!:Ut5 10% * ^BfcM&RSU 4% NaHC0 3 & 

mWMLX 19 mg (76%) ©ift&lbSrfcfc. HPLC fM$l$nB % 8.20 min., FAB-MS 
(dithiodiethanol), 589 [M+H], (589.3). 

Cyclo (-L-Am7(-) -D-Tyr (Me) -L-Ile-L-Pro-) (SS-dimer : SCOP 2 

96)0-8-$ 

cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-L-Pro-) (19 mg, 0. 0322 mmol) £ 
7c: DMF (2 ml) *«|C*)&»U * 9 J—fiS&TV^zzV (10 eq. ) fctf^SitT 
T-fe^K^^*bfc: 0 W®*^ DMF (2 ml) fc»a>U 1 M I 2 
) 0.04 ml ^rAU^.TBft'fkSrffofc. £j&L7c SS dimer £ Sephadex LH-20 (DMF 
) *9^T**l»Lfc. *&iPjtT6'feftefciLT#fc. ltK*7.4mg (42%) 0 HP 
LC -flMWIRIs 14. 1 min., HRMS (FAB, dithiodiethanol), 1091.5648 [M+H], C B 
AAASt (1091.5674). 

MMW 1 4 . Boc-L-Ile-DL-Pip-OBzl <D&$L 

Boc-DL-Pip-OH (2.29 g, 10 mmol) i^/V^O^ K (1.79 ml, 15 mmol) 
£ & DMF (20 ml) tf»*T? h U ^JVT $ X (2.1 ml, 15 mmol) #&T*CKJ6$* 
ts £ tfc Boc-DL-Pip-OBzl LT#7c 0 2 N HC1 / 



WO 03/070754 



PCT/JP03/01859 



-29- 

y(5 eq. ) *C 3 «^t> H- DL-Pip -OBzl • HC1 &#fc 0 

Boc-L-Ile-OH • 1/2 H 2 0 (2.47 g, 10.7 amol), H-D-Pro-OBzl • HC1 (2.28 g, 
8.9 mmol) RTfWBt • H 2 0 (1.36 mg, 8.9 mmol) <D DMF (20 ml) ^^^tK/^T 
•C DCC (2. 20 g, 10. 7 mmol) RXf V V ^)VT ^ is (1. 25 ml, 8. 9 mmol) %1M 

»l:775'^VWW^Y^^77-^- (4X30 cm, 1%P<*/ 
v-yw / txiuUvVJ*) TM#RU ^^©^12 diastereomer (3.33 g, 7 

. 70 mmol, W 87%) £#fc 0 TLC: Rf = (CHC1 3 / MeOH = 9/1) 
1 5 . Boc-D-Tyr (Me) -L-Ile-DL-Pip-OBzl <D&J& 
Boc-L-Ile-DL-Pip-OBzl (3. 33 g, 7. 70 mmol) TFA (10 ml) \t&& U 
ftT30#|SM*«Lfc. K&**T«TFA4r«*U ifcffTI&ftU H-L-Ile-DL-Pi 
p-0Bzl-TFA £r#fc 0 -fr&DMF (16 ml) \Z.f&M&t, Boc-D-Tyr (Me) -OH (3.4 
1 g, 11.6 mmol) SrJqjt, f^TzkftTHBTU (4.38 g, 11.6 mmol), HOBt • HjO 
(1.18 g, 7.70 mmol) h ]) ^ ^ (7. 01 ml, 50.1 mmol)^Px. x 3 B# 

mmwvtco Rj&wi%mm'&, mm^M^mmu 10 nt^ym&mm. 4%^ 
mi^m^vv^^mmLnmi-fm^^mmi^vtc. 0 Mgso 4 T*$ji^ mm 

, 7t-^»l:77y^v'!J*y/^n-7b/77^- (4X30 cm, l%p<* 
/— ;V / ^ a o zjvW*) TfflHKU 7*— Aft©«IBdiastereoiMr jfflrS* (3 
.46 g, 5.67 mmol, ifc^ 74%) £#fc 0 TLC: Rf = (CHC1 3 / MeOH = 9/1) 
HJfi-W 1 6 . Boc-D-Tyr (Me) -L-Ile-DL-Pip-L-Ab7-0Bzl <D&f$. 

Boc-D-Tyr (Me) -L-Ile-DL-Pip-OBzl (3.46 g, 7.37 mmol) A* (30 m 

1) fc»#U 5% Pd-C (230 mg) #£T8Htt»7G«:fTofc 0 8 l$RQ$L Pd-CftfcK 
£iti®U Boc-D-Tyr (Me) -L-Ile-DL-Pip-OH &#fc 0 

Boc-L-Ab7-0Bzl (3.05 g, 3.12 mmol) £ TFA (5 ml) KSflBU tR^T 30 # 
IWiWiUfe, Ki£j&T&TFA&#*U m&T&MU H-L-Ab7-OBzl • TFA 
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fc 0 rtb&DMF (16 ml) KWR&lk^ Boc-D-Tyr (Me) -L-I le-DL-Pip-OH (2.80 g 
, 5.39 mmol) ^7jp^ % HV^TtR^T HBTU (2. 66 g, 7.01mmol), HOBt • H 2 0 (82 
5 mg, 5.39 mmol) RT* b V ^f-JVT \ S (3. 02 ml, 21.6 mmol) %MtL, 3 flftfQ 

fcrn-t v y t? j*7mmRT$mQ$t%jk^mfcm$vtc 0 ngso 4 mm, 

7Jc—^fy*7 7V*s=L*syjl>f)\'>?xi-*b!f=774~ (4X30 cm, 2%*?y 
<-,V / ^op*M) -eJ^IKU 7*~J*1R<?>ffi& diastereomer tB&Q) (4.0 
7 g, 4.91 mmol, JRap 91%) Sr#fc 0 TLC: Rf = (CHC1 3 / MeOH = 9/1) 
MMWi 1 7 . H-D-Tyr (Me) -L-Ile-DL-Pip-L-Ab7-0H • TFA (D&ffc 
Boc-D-Tyr (Me) -L-Ile-L-Pro-DL-Pip-OBzl (4. 07 g, 4.91 mmol) Sr^/ — )V 

do mi) ?d-cmm (300 mg ) ^rmmm^n^t^ smmm, ? 

d-CftfcKESraiaU R^K$:e*gK Boc-D-Tyr (Me) -L-Il e-DL-Pip-OH £#fc 0 
ZfrZ TFA (10 mL) fcflWSfU fcifcT 30 ^TOUfe. S^«SrS*«, ^~ 
/ ^m^~Tfr (1:10) trJn^Ta-fbL. ^jEETf&M^lE diastereom 
er jffi£4fe (2. 60 g, 3. 51 mmol, Jfc^S 72%) ^r#fc 0 

^JS#iJ 1 8 . Cyclo (-L-Ab7-D-Tyr (Me) -L-Ile-L-Pip-) 3o&T$ Cyclo (-L-Ab7- 
D- Tyr(Me)-L-Ile-D-Pip-)©^ 

i^Th7^/f K H-D-Tyr (Me) -L-Ile-DL-Pip-L-Ab7-0H (1.28 g, 2. 0 mmo 
1), HATU (1.14 g, 3.0 mmol) RXf DIEA (1.0 ml) ^5^SILT 30 DM 

f dooomi) \zmz.x, mitKj&*ftotc 0 2mm, R&m&wm&, mm*- 
fc-emkft&vtc 0 Mgso 4 -e^,M, mm, y^-^m^yy v y # ^ 

/V^u^rb^yy^— (4X30 cm, 2%* ? J — )\> / ^n*;^) TiftSiU C 
yclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pip-) £ 372 mg (61%, HPLC HHftSRU 8.94 
min., FAB-MS (dithiodiethanol), 607 [M+H], (607.2)), Cyclo (-L-Am7 (-) -D-T 
yr(Me)-L-Ile-D-Pip-) 5:238 mg (39%, HPLC UW^m, 10. 5 min., FAB-MS (di 
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thiodiethanol), 607 [M+H], (607.2)), %Mfr7*— LT#fc 0 
MMM 1 9 . Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-L-Pip-) 

cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pip-) (130 mg, 0.21 mmol) <D DMF (1 ml) 
WtfLKf-X-ffeWtlt V V & (69 mg, 0.315 mmol) £Jn;iT 3 B#ffl^ 

MbT 109 mg (86%) HPLC ffiy$l$NK 8.94 min., FAB-MS (di 

thiodiethanol), 603 [M+H], (603.3). 

HJ60>J2O. Cyclo (-L-Am7(-) -D-Tyr (Me) -L-Ile-L-Pip-) (SS-dimer : SCOP 2 
98) 

cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-L-Pip-) (114 mg, 0. 198 mmol) <D 

(0.5 ml) ffflXC** J—fr&.T-y'Z-T (10 eq.) ^M^itTTir^ 
^gfcKfcfeLfco J££S*& DMF (2 ml) fc»#U 1 M I 2 (a^Z-AO 0.25 
ml &Mz.Xmk%?Totc 0 £.f&Vtc SS dimer£ Sephadex LH-20 (DMF) #7 

AT-ififco fczMZ-xti&nmkvxmzo u& 82 mg (78%) o hplc vm 

B#|Hk 11. 6 min., HRMS (FAB, dithiodiethanol), 1063.5391 [M+H], C B4 H 79 0 10 N 8 
S 2 (1063. 5361) . 

2 1 . Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-D-Pip-) <D-£-f& 
cyclo (-L-Ab7-D-Tyr (Me) -L-Ile-D-Pip-) (240 mg, 0.40 mmol) <D DMF (0.5 m 
1) WfoKLfttm* V V J* (69 mg, 0.60 mmol) %J)[\Z.X 3«®££i2:fc 0 

Bu&tt&ww&s mwt^Mmmu wtt^wtfrtm. 4%mt*.mi-hv 
^bnm^^it^^T-fv^nmnn^xim mg (66%) 

. HPLC ftfttiffllK 10. 5 min., FAB-MS (dithiodiethanol), 603 [M+H], (603.3) 
MMM2 2. Cyclo (-L-Am7 (-) -D-Tyr (Me) -L-Ile-D-Pip-) (SS-dimer : SCOP 3 
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00) <D&f& 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pip-) (160 mg, 0. 27 mmol) <D DMF (1 
0 ml) m&\Zt? J-f^r^-T (10 eq.) SrffrB $-frT7tf;H^i* 
LfCo DMF (2 ml) fci&&»U 1 M I 2 o. 31 ml *M?L 

T^b^ofdo £/£Lfc SS dimer£ Sephadex LH-20 (DMF) tiyJ^X^Mh 
fc 0 *^tteM*i:U#fc 6 Ifcfi 54 mg (3690 0 HPLC 13.4 
min., HRMS (FAB, dithiodiethanol), 1119.5939 [M+H], C^O,^ (1119. 59 
86). 

MMM 2 3 . Boc-L-Ile-D-Pro-OBzl ©-g^fc 

Boc-D-Pro-OH (17.2 g, 80 mmol) b^V/l'Zfn 5; K (14.3 ml, 120 mmol) 
£ £r DMF (160 ml) fpTlcftTT? b V ^)VT x V (16. 8 ml, 120 mmol) #£T 
XRfc£lk s Boc-D-Pro-OBzl LT#7t 0 i^tSr 2 N HC1 / 

^ (5 eq.) -C3^raS^$*T, H-D-Pro-OBzl • HC1 £#fc 0 

Boc-L-Ile-OH • 1/2 H 2 0 (24. 0 g, 100 mmol), H-D-Pro-OBzl • HC1 (19. 3 g, 8 
0 mmol) &TM0Bt-H 2 0 (15.3 g, 100 mmol) (O DMF (200 ml) ^KtK^TV 
DCC (8.3 g, 30 mmol) RXf h ]) ^?VT 5 ^ (3.5 ml, 25 mmol) £/JP;ifc 0 8 
nmWfrWk, DMF£©5&U llF»3c^A'JC*#b, 10X*3^BfcJc»fflu 4%^ 

^ MM77J'^a^y^/^Pvf^77^- (4X30 cm, 1%^*/— 

/ tuufrsvA) -?mmu m^fD^mt-^m (21.5 g , 51 mmoi, urn 72%) 

&ntc 0 TLC: Rf = (CHC1 3 / MeOH = 9/1) 

$mW 2 4 . Boc-D-Tyr (Me) -L-Ile-D-Pro-0Bzl <D&ffc 

Boc-L-Ile-D-Pro-OBzl (21. 5 g, 51. 4 mmol) «r TFA (50 ml) U 
TlffitfLt £USfc7«T?A&#*U MffTft&U H-L-Ile-D-Pro-OB 
zl-TFA <Sr#fc e £.frl£r DMF (100 ml) Boc-D-Tyr (Me) -OH (16.7 g 

, 56.5 mmol) %Mz., *fcwr*J&THBTU (29.4 g, 77 mmol), HOBt • H^O (7.8 
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7 g, 51 mmol) WMIiW^ (25.2 ml, 180 mmol) %Mx., 3 R$[3& 

AJK4fc^7^yVa^JJ*^^o^ Y^fyy^— (4X30 cm, 1%^/ — 
,V I M3P*M) -eiftSiU 7*— A3K©^fB^^ (22.0 g, 37 mmol, !{X 
* 72%) £#fc 0 TLC: Rf = (CHC1 3 / MeOH = 9/1) 
2 5 . Boc-L-Ab6-0Tmse £>£-J$ 
Boc-L-Ab6-0H (620 mg, 2. 0 mmol) t b V * f-/^> V J — >K0. 572 ml, 

4. 0 mmol) £ £ DCM (6 ml) 4-£M f-flsT %J\»V*/V (24. 4 mg, 0. 2 mm 
ol) #£T6f«t#L7t 0 RfSiK&aBtSL 0Bfc*?vMCt&A?U 10** 

wt*m&. 4%^m^mi-vv^^mmRxfm^±m^xm^m\,tc 0 m s so 4 

■e^m, ftttk M«S:79S'^^y*Wn^h^77^- (4X30 cm 
, 10% ^Ji^/W / ^ifV) *e*ftKU Jfc:R©SlfBfb£^ (820 mg, 1.62 m 
mol, Him 81%) £#fc„ TLC: Rf = 0.97 (CHC1 3 / MeOH = 9/1) 
MMM 2 6 . Boc-D-Tyr (Me) -L-Ile-D-Pro-L-Ab6-0Tmse (D&fo 

Boc-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1. 01 g, 1. 70 mmol) te^PJ—tV (20 ml 
) KgMPU 5% Pd-C (150 mg) #&T8&fe»7c5:fTofc 0 8 «^ Pd~C« 
fcitiSU S^^rW^m. Boc-D-Tyr (Me) -L-Ile-D-Pro-OH £#fc 0 

Boc-L-Ab6-0Tmse (1.51 g, 3.0 mmol) «r TFA (5 ml) fc^flfU Jk*T30^ 
P^ELfc. ^*T*MOfc«fc*7*U #JETft*lU H-L-Am6-0Tmse • TFA 
&#fc 0 ^tbSrDMF (3.5 ml) ^TT* 4 Lfc Boc-D-Tyr (Me) - 

L-Ile-D~Pro-OH (819 mg, 1.62 mmol), HATU (776 mg, 2.0 mmol) RXf h V =^ 
$ y (0.24 ml, 1.7 mmol) 3l$|)0jR#Lfc. Rl&WL&ffllfflt* 

aV!l*^P-7h^77>f- (4X30 cm, 1^^;-/!/ / 7PP*M) 
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*C»»U Wmt&m (888 nig, 1.09 mmol, l&m 64%) &#fc 0 TLC: Rf = (CH 
Cl 3 / MeOH =9/1) 

MMM 2 7 . Boc-L-Ab7-D-Tyr (Me) -L-Ile-D-Pro-OBzl 

Boc-D-Tyr(Me)-L-Ile-D-Pro-OBzl (1. 19 g, 2.0 mmol) £r TFA (5 ml) 
U ^T30^mnUhtc o a»T#TFA£fi£U ^ffTftliU H-I>-Tyr 
(Me)-L-Ile-D-Pro-OBzl • TFA 3r#fc e rtl£DMF (4.0 ml) Boc- 
L-Ab7-0H (652 mg, 2. 0 mmol) SrAPx:, SfcV^TSWfrT HBTU (1.14 g, 3.0 mmol) 
, H0Bt-H 2 0 (306 mg, 2. 0 mmol) h V ^7VT ^ ^ (1.4 ml, 10 mmol) £ 

mm, 4%^m^m-r h v ^M,A^mRu^ikm^^m^m^htc 0 m s so 4 x& 

MB, 7*~^m*7 : 7yi/^yy-b>fjV$xi-*Yyy74~- (4x30 
cm, M*?;->V / ^nn^M) TitMU ? &1k<DMmkft® (1.51 
g, 1. 89 mmol, J« 94%) %n± 0 HPLC 9. 15 min. 

$mm2 8. Boc-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (D&ffc 
Boc-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1. 19 g, 2. 0 mmol) £ TFA (5 ml) \mM 

u 30 ftmnmLtco s^t^tfa^^u mi±T&mu h-d-tyt 

(Me)-L-Ile-D-Pro-OBzl • TFA £#fc 0 Z.frl& DMF (4.0 ml) KSgfl?^ Boc-L- 
Ab8-0H (676 mg, 2. 0 mmol) ^TtIO£THBTU (1.14 g, 3.0 mmol), 

HOBt • JLO (306 mg, 2. 0 mmol) RTf h V ^)VT %V (1. 4 ml, 10 mmol) fcjp 

4%m*m-rhv v^mwtRummikmxximtmLtc, ugso.xn.m 

^ Wfa^ 7*~&Wto%7jy\/= l .zsy-fr>f;V>7xi~*Y-yy7 4~- (4X30 cm 

, 2%**;-;v / xmmu ^(omm^m a.44 g , 

1. 76 mmol, « 88%) £#f Co HPLC ##l$IHk 10. 9 min. 
"gMffl 2 9 . Boc-L-Ab9-D-Tyr (Me) -L-Ile-D-Pro-0Bzl <D&$. 
Boc-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1. 19 g, 2. 0 mmol) £ TFA (5 ml) \Z^M 
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U *^T30^WI4Wtbfco ®S*mfeTFA«r«*U BEETl&fcU H-D-Tyr 
(Me)-L-Ile-D-Pro-OBzl • TFA £#fc„ ^tlSrDMF (4.0 ml) ^^^^ Boc- 
L-Ab9-0H (775 mg, 2.2 mmol) &Mz., gel^TTk^T HBTU (1.14 g, 3.0 mmol) 
, HOBt • H 2 0 (306 mg, 2. 0 mmol) RXf h V ^9vVT 5^(1. 4 ml, 10 mmol) £ 

tik&. 7t-A»777^^!)*WPvf^77^" (4X30 

cm, 2%**/-* / ^nPTjN/VA) till, 7*- ^(OUMW^m (1.31 
g, 1.58 mmol, « 79%) &'&tc 0 HPLC &W0m, 11.7min. 
£MM 3 O . H-D-Tyr (Me) -L-Ile-D-Pro-L-Ab6-OH • TFA (D&ffc 
Boc-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0Tmse (888 mg, 1. 11 mmol) / — )V 

(10 ml) fcSF#U 7R^T"e3^fJLfc 1 N NaOH*SSR (1.32 ml, 1.33 mmol 

^^^^7KTiffi^#bfc 0 MgS0 4 -e^M, «StU Boc-D-Tyr(Me)-L-I 
le-D-Pro-L-Ab6-0H £#7c„ TFA (5 ml) l«L, 2k?ftT 30 #Wj6fcfi 

L7c 0 JftETftfcU Jfc#<0£f&ffra^ (778 mg, 1.07 mmol, 

I» 96%) £#7c 0 
^JSFil 3 1 . H-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-0H • TFA <£>-^J$ 
Boc- L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1.51 g, 1. 89 mmol) ^^ZJ—fr 
(5 ml) \mmU 5% Pd-C (150 mg) »T^il7n^trofc 0 5 l$|IQ& % Pd- 
CftUftHftiBU RjSflKSre*« % Boc-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-OH 
D TFA (5 ml) fc»fl?U Tk^T 30 £TOB Lfc 0 Wt 

mrmmu mv&uwk&b a. is mg, i.84 mmoi, jr* 97%) 

HJ£#) 3 2 . H-L-Ab8-D-Tyr (Me) -L-Ile-D-Pro-OH • TFA (D&ffc 

Boc-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1. 44 g, 1. 76 mmol) % * ? / —fr 
(5 ml) \mmU 5% Pd-C (150 mg) :fiq£TgS»»7C&fTofc„ Pd-C 
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mmttmmU KJ&WZ®^ Boc-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-OH^#fc 
o TFA (5 ml) \mmU *^T30#TO«Lfc o Rfc®*®^ ® 

ffTK«U fm<DWmc&ta (1.15mg, 1.84 awl, Jfe* 97%) %ftf Co 
3 3 . H-L-Ab9-D-Tyr (Me) -L-Ile-D-Pro-OH • TFA <D<&I$ 
Boc-L-Ab9-I>-Tyr(Me)-L-Ile-I>-Pro-OBzl (1.31 g, 1. 58 mmol) 
(2 ml) \zmmU 5% Pd-C (150 mg) flqST««»554rfjofc D 12 HfflMK Pd- 
CM&SrigiiU £&**«J£fc N Boc-L-Ab9-D-Tyr(Me)-L-Ile-D-Pro-0H^#fc 
. iiltr TFA (5 ml) *»T30£MS*Lfc o ^ 

05 mg, 1. 42 mmol, iR^S 90%) £#fc 0 

»0>l 3 4 . Cyclo (~L-Ab6-D-Tyr (Me) -L-Ile-D-Pro-) <D&f& 

H-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0H.TFA (778 mg, 1.07 mmol), HATU (616 m 
g, 1.62 mmol) DIEA (0.75 ml) £5#fijLT 30 DMF (110 ml) \Z. 

10% ***** 4% NaHC0 3N **IJ*^T*V\ MgS0 4 Ti^Lfe, 

y^J*^t.Th^ 7 -f- (4X30 cm, MW^/^ n ^ 
A) -CKWU ft&ffttttt 146 mg (23%) HPLC WttfflU 9.06 min. , 

HRMS (FAB, dithiodiethanol), 579.2197 [M+H], C 27 H 41 0 s N 4 79 Br (579.2182). 

Ab6 (Dm*** Br fc«|lT»Lft HOAt adduct 
^Thy^y^K cyclo(-L-A(0At)6-D-Tyr(Me)-L-Ile-D-Pro-) 167 mg (27%) 
*7*^fcU#ft. HPLC^«, 8.16 min., HRMS (FAB, dithiodiethan 
ol), 635.3312 [M+H], C^QA (635. 3306). 

3 5 . Cyclo (-L-Ab7-D-Tyr (Me) -L-Ile-D-Pro-) 
H-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-0H.TFA (1. 15 g, 1.84 mmol), HATU (1.05 
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g, 2.76 nmol) RXf- DIEA (1.28 ml) & 5 VX 30 DMF (180 ml) 

inx.T, ITOSr^ofco ±fcffi«U:*&8!lLT 700 mg (64%) <D7*~ A£# 
7c 0 HPLC fiy$B#fRU 9.90min., HRMS (FAB, dithiodiethanol) , 593.2300 [M+H 
]. C 28 H 42 0 5 N 4 79 Br (593.2339). 

HJfeM 3 6 . Cycle (-L-Ab8-D-Tyr (Me) -L-Ile-I>-Pro-) 

H-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-0H • TFA (512 mg, 0.80 mmol), HATU (455 m 
g, 1.20 mmol) R& DIEA (0.56 ml) &5#fiJUC3 0##K: DMF (80 ml) \Z. 

tc a MgS0 4 -eH;^, MB, 7t-^tll:77 5'^a^y*WP-7h^7 

(4X30 cm, 19M*/ — / ^P0*/VA) -efflffllU 267 mg (55%) (D 
7*- -A£#fc e HPLC ftftl$|Rk 9.95 min., HRMS (FAB, dithiodiethanol), 6 
07.2501 [M+H], C 29 H 44 0 5 N 4 79 Br (607.2495). 

MMM 3 7 . Cyclo (-L-Ab9-D-Tyr (Me) -L-Ile-D-Pro-) <D&f& 

H-L-Ab9-D-Tyr(Me)-L-Ile-D-Pro-0H • TFA (905 mg, 1.41 mmol), HATU (833 m 
g, 2.12 mmol) RXf- DIEA (0.64 ml) &5#§!!LT 30 jfr%\L DMF (150 ml) \Z. 

o MgS0 4 T*«m. 7*-A«77>r^v'!J*WPYh^77 
>f — (4X30 cm, 1%^/~A-/ ^PpW TffifflSlU 533 mg (61%) <D ' 
7*-- A&#fc 0 HPLC^^ra, 10.9 min., HRMS (FAB, dithiodiethanol), 6 
21.2625 [M+H], C 30 H 46 O s N 4 79 Br (621.2652). 

3 8 . Cyclo (-L-Am6 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) <D&$L 
cyclo (-L-Ab6-D-Tyr (Me) -L-Ile-D-Pro-) (146 mg, 0. 252 mmol) (D DMF (0.5 
ml) 8fliK.?'*'Wfl0ti> V 9 J* (57.6mg, 0. 504 mmol) 3#MK&£"£- 

fc 0 &%m&mffi&. mm^Mmmu m**>m&fm&vmi±mfo 
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xm&.m>vtc 0 M g so 4 mmu mtm^tw\m\^m^t^^ 

^T/^W-mm^LX 114 mg (79%) ©^%^#fc e HPLC 9. 06 mi 

n., HRMS (FAB, dithiodiethanol), 575.2879 [M+H], C 29 H 43 0 6 N 4 S (575.2903). 
MMffl 3 9 . Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) <D&$. 

cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-) (133 mg, 0. 226 mmol) (O DMF (0.5 
ml) mm\ZL ^*mWi%})VJ* (52 mg, 0.452 mmol) %M?LX 3 

T118 mg (89%) <DmVt®Zmtc 0 HPLC 9.90 min. , HRMS (FAB, dit 

hiodiethanol), 589.3605 [M+H], C^O^S (589.3060). 
MMM 4 0. Cyclo (-L-Am8 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) (O&fo 
cyclo (-L-Ab8-D-Tyr (Me) -L-Ile-D-Pro-) (267 mg, 0.439 mmol) <D DMF (1 ml 

) tm\z ^*mm*vvj* aoo mg , o.878 mmoi) &toz.x 3 mmKi&zittc 

222 mg (84%) (DMyV&O&mtc. HPLC fl^Bf^ 9.95 min., HRMS (FAB, dithio 

diethanol), 603.3244 [M+H], C 31 H 47 0eN 4 S (603.3216). 

MMM 4 1 . Cyclo (-L-Am9 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) <D&f$, 

cyclo (-L-Ab9-D-Tyr (Me) -L-Ile-D-Pro-) (250 mg, 0.402 mmol) <D DMF (0.5 
ml) mnZ.'TXffllfryir* (91.4mg, 0. 804 mmol) &MZ.X 3 ftlWKJfcS* 

XMikftfrLtc MgS0 4 T^iim> *£U &&L1t'7'*'^XTfr&mmM\s 
T190 mg (77%) ©«^£#fc e HPLC 10.9 min., HRMS (FAB, dit 

hiodiethanol), 617.3364 [M+H], C 32 H 49 0 6 N 4 S (617.3373). 

Cyclo (-L-Am6(-) -D-Tyr (Me) -L-Ile-D-Pro-) SS dimer (SCOP 30 

2) (D&ffc 
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cyclo(-L-Am6(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (114 mg, 0. 198 mmol) <D*$J 
(0.5 ml) J-M&T>*:~T (10 eq. ) W^tt7tf/l' 

S£Bfc*L7t 0 &fttf3Hft DMF (2 ml) 1 M I 2 (^y-/P) 0.2 ml 

&Mx.Xmt : &ftotc 0 £/&L7c SS dimer £ Sephadex LH-20 (DMF) tiy K 
"CttftlUfc. fr*Mz.X&&ffimk LT#fc 0 JX* 82 mg (78%) B HPLC feW^t 
Wk 11.6 min., HRMS (FAB, dithiodiethanol), 1063.5391 [M+H], C^O,^ 
(1063. 5361). 

MMW4 3. Cyclo(-L-Am7(-)-D-Tyr(Me)-L-Ile-D-Pro-) SS dimer (SCOP 304 
) <D&$, 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (118 mg, 0. 201 mmol) <D*$J 

-jv (o.5mi) mmz*?y-/i'&T^~T&ftm£^TT±^m%m3sv 
% i m i 2 j-;v) << vv^mzMiku i^u ss 

dimmer %&&ffi3ib L"C#fc 0 I&i: 98 mg (89%) 0 HPLC ^Nf^, 12.3 min., 
HRMS (FAB, dithiodiethanol), 1091.5684 [M+H] , C^O^S, (1091.5674). 
ili 4 4 . Cyclo (-L-Am8(-)-D-Tyr (Me) -L-Ile-D-Pro-) SS dimer (SCOP 30 

6) G9-a^ 

cyclo(-L-Am8(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (222 mg, 0.368 mmol) (D*#S 
-)V (0.5 ml) ^IC^^y-^T^^T^^$-&TT-fe^S§rl^*U 

> i m i 2 *m-tx3fm*fry 4 h*v*m&miku mmhxss 

dimer &&&ffi3ZbLXmtc 0 Jftft 167 mg (81%) „ HPLC £&#li#fl3, 13.0 min., 
HRMS (FAB, dithiodiethanol), 1119.5961 [M+H], CAO^NgS, (1119. 5987). 
Hi£#ll4 5. Cyclo (-L-Am9(-)-D-Tyr (Me) -L-Ile-D-Pro-) SS dimer (SCOP 30 
8) ©<fr# 

cyclo(-L-Am9(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (95 mg, 0. 154 mmol) (D*$J 
(0.5 ml) ®mfc?t*/-s]s&T>*-TZi¥m£ltXT±7-JUm%mi:V 
, 1 M I 2 (ac^/-,i.) ^p^x*«^^7^ Ky/V*&8HfcU ^LTSS 



WO 03/070754 



PCT/JP03/01859 



-40- 

dimer LT#fc 0 M 84 mg (98%) . HPLC &&mm. 14.2 min., 

HRMS (FAB, dithiodiethanol), 1147.6307 [M+H], C^O^ (1147. 6300). 

^»!|4 6. Cycle (-L-Am7(SMBt)-D-Tyr (Me) -L-Ile-D-Pro-) (SS hybrid : SC 
OP 404)©-g^ 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (270 mg, 0. 45 mmol) (D DMF (0 
.5 ml) «f^^~/M£T^=T (10 eq.) lr^^t7tf;VS^i 

*U 7y*-TZ%m. 2-*>v*7y^? ( 10 eq .) i m i 2 

(^/-,v) 0.2 ml ZM*LTmt*ft^tc 0 kf&Vtc SS hybrid £ Sephade 
x LH-20 (DMF) ^7A«U ««&frV\ li1Bte^£S&$^ LT 
#fc 0 « 30 mg (11 %) a HPLC &&mm. 8.9 min., HRMS (FAB, dithiodieth 
anol), 622.2877 [M], ^0^(622.2859). 

mmM4 7. Cyclo(-L-Am7(S2Py)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 
OP 401)©^ 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (40 mg, 0. 07 mmol) © DMF (1 
ml) »2,2'-mt s y^y (31 mg, 0. 14 mmol) RV* * J -JV&Tls* 
-7 (10 eq.) *Mx., 8«^#Lfc e £«£$g« v »77r> a 
^!J*^p-7^^77^ (4X30 cm, Di^y^/^pn^A) "C 
WIU ^I3^^^#fc 0 Jfe* 15 mg (38%) D HPLC ft**PIK 9.6 min., HR 
MS (FAB, dithiodiethanol), 656.2952 [M+H], CyW^ (656.2940). 

Cyclo(-L-Am7(S4Py)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 

OP 402)©^4fc 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (100 mg, 0. 17 mmol) ©DMF (1 
ml) ^(C4,4'-^^t°y^y (75 mg, 0. 34 mmol) Ht&*9 J-j\S&TV 
*-T (20 eq.) fcflO*, 8^TO#L7c e £Jttft*aftf| % ^^77r> 
ai/il^p-rf^y^ (4X30 cm, 1X**/-/W ^p^) 
-?tt»U *fBfc<a>te&#fc 0 ft* 13 mg (13%) 0 HPLC ft&HffiK 6.5 min., H 
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RMS (FAB, dithiodiethanpl) , 656.2934 [M+H], C3 3 H 4B 0 5 N 5 S 2 (656.2940). 

Cyclo(-L-Am7(SEll)-D-Tyr(Me)-L-Ile-I>-Pro-) (SS hybrid : SC 

OP 403) (D&f$ 

5, 5' tt'^ ( 2-= h o^f>i) (515 mg, 1.4 mmol) £>DMF(2.8mL) 
mm^, 7fO£Ti^5vKT$;/ (343 mg, 3.0 mmol), DCC (867 mg, 3. 0 mmol) 
S.tfHOBfHjO (214 mg, 1.4 MwDSrJP^ 8 ^OT#bfc 0 BU&1&T&Rf£M 

&msu &m^i-mz.®mu mf^isWbmm. 4%6m&mi-vvvj»* 

£Lfc 0 77yv'av'!J^;V^nvf^77>f- (4X30 cm, 1% 

*?S—A>/ ^an^M) ~?mmU 5,5'-i^-tf*(2-= bP^fyf^ 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (130 mg, 0. 22 mmol) <D DMF (2 
ml) j&Jfcfc 5, 5' If X ( 2 b a ^ ^vVT 5 K) (198 mg, 0. 

44 mmol) S^^/-/M4T^=T (10 eq.) SrlP^. % 6 fl$!fflSt#Lfc 0 S 
J&M&l&iSS^ ^*©DMF{d^^L, HPLC (column : YMC-Pack 0DS-A 10X250 
mm) -C*t»U m&fc&lt0&&1t o 13 mg (9.3%)„ HPLC &&B#M % 9.5 mi 

n., HRMS (FAB, dithiodiethanol) , 771.3201 [M+H], C 31 K so 0Jt< i S z (771.3210). 
MMM 5 O . Cyclo(-L-Am7(SMe)-D-Tyr(Me)-L-Ile-D-Pro-) (SCOP405) <D&$, 

cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-) (118 mg, 0.2 mmol) <D DMF (1 ml) 
4-methoxybenzylmercaptan (0.056 ml, 0. 4 mmol) 3o <fctf MJ a^J-jVT 
5^ (0.07 ml, 0.5 mmol) 5riPx.T, gfiT* 2 HI3®S$tfc 0 £/&Lfccyc 
lo(-L-Am7(Mb)-D-Tyr(Me)-L-Ile-D-Pro-) Iritxf/VtittiL, WMVtc&^ 
$ (18 ml) cfJ-C Dimethyl (methylthio)sulfonium tetrafluoroborate XO. 

.9 mmol, 176 mg) t s MUX* 2 SMSRSr*ltU ^p*/V 

AfcSBSfU i/JJ*Wa^f^77^- (2X25 cm, 2% *9J—M*v- 
xmMU S^^r#fCo 69 mg (65%) c TLC Rf: 0.90 (CHC1 3 



WO 03/070754 



PCT/JP03/01859 



-42- 

/ MeOH = 19 / 1) 0 HPLC Uftmm. 12.28 min. HR-FAB+ MS: 593.2777 (calcd. 
: 592.2753, composition: Cyy)^ matrix: 2, 2' -ditihidiethanol). 

mmm 5 1 . hd Acmmmmm^mm 

Sulfur-containing cyclic peptides (SCOP) ©fifjftf)— K&r® 1 ~4 {Z^ 0 ^ 
»©HDAC|flWlT*,«H5Kl*t-J:5*Cyl-l t Cyl-2 (Furumai et al. (2001 
) Proc. Natl. Acad. Sci. USA, 98, 87-92.) ^Z^T h 7^7°^ K«3£<5D 

3c^Cyl-l, Cyl-2fi37:fr3^ 7 ^^^^ 3 ^^ LDLLfrT ^ § ^ LDLD <D 

o 

HDACPl^^«^5fC:fcyc«3, ^60ii9HDAC^»«Lfc 0 10 
Ommx^ r>a|ClX10 7 i©29 3Ti|Mtt % 2 4«tt HHDAC 
1, 4*fc»^^lfflAC6**a-r*^^- (l^g) £ Lipof ectAmine 2000 
reagent (Life Technologies, Inc. Gaithersburg, MD) ^V^Th7y77i 
^^3>-L7c: 0 &*5 N ±Et hHDACl^^^-(±p cDNA3-HDl (Ya 
ng, M. , Yao, Y. L. , Sun, J. M. , Davie, J. R. & Seto, E. (1997) J. Bio 
1. Chem. 272, 28001-28007.) , t hHDAC 4M^^-|ip c DNA 3 . 
1 (+) -HD4 (Fischle, ff. , Emiliani, S. , Hendzel, M. J., Nagase, T. , 
Nomura, N., Voelter, W. & Verdin, E. (1999) J. Biol. Chem. 274, 11713-1 
1720.) % v^HDAC6M^^HipcDNA-mHDA2/HDAC 
6 (Verdel, A. & Khochbin, S. (1999) J. Biol. Chem. 274, 2440-2445. ) £ 
JlV^C OPTI-MEM^l?5^ra^^-^?3a^fc^ Dulbecco'sm 
odified Eagle' s medium (DMEM) fcligjtt^&LT 19 ftRK > h 
VtCo mMZPBSVm<otc^ lysis buffer (5 0mM Tr i s-HC 1 (p 
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H7. 5) , 12 OmM Na C 1 , 5mM ED T A, 0. 5%Nonide 
t P-4 0) fcJRSBU y-tr-lsaflrlt. ±m%m>bfrmfc£V)M#>. Pro 
teinA/G plus agarose beads (Santa Cruz Biotechnologies, Inc. ) ^rffiV^T^ 
$Fftgtm#y/<?&m^tc 0 HD AC 1 „ HDAC4&&m$*fc*PUfi 

±tfl£«, ant i — FLAG M2^ (Sigma-Aldrich Inc.) HD 
AC6£^£i£fc»±ttK:f3:a n t i -HA^f (clone 3F10, Roche Mole 
cular Biochemicals) *MtLX 4VT?lf$mRJ&£"£it 0 ZtlKTtfv—X\?— 

4X:~<; 1 Ma&£ii:fc#, lysis buffer T?T#P-* If— 3 
HJ2feV\ HD buffer (2 OmM T r i s — HC 1 (pH8. 0), 15 OmM 
NaC 1, 1 0 % V "fe n —/U, a complete protease inhibitor cocktail (B 
oehringer Mannheim, Germany) ) "C— lelgfe o fc„ HD buffer (2 0 0/i 1) 4" 
F LAG^/f" K (40/ig) (Sigma-Aldrich Inc. ) £fcJ4H A^:/^ F ( 1 
0 0^ g) t*4t, 1 IfcRK y#a^<- hLTT#o-*fc*-X^£>5j*^L7e* 
^•^SrHMXU HDAC£j£?§«U £*T© HDAC |flm^$0£WlV^c o 

-f^lfha^HDAC Pl^S'tt^mT ^ <£ P KflMffi Lfc 0 IrDMS 
OI^LttSlOmMtU^ r^SrBWI©l|(»»ri: Lfc 0 (HS-a^h* 
-/P* LTHDACHSfPl^Ji: LTftktVCV^ h JJ 37^f^A (TSA) 
£DMSOfdgfi?LT, ISl OmM^JI^^SlLfCo aj£tt»SMfc<&4&4 
fcfi=^ha-/V©TSA#^Ts ±lBHDAC»«fc [ 3 H] T*«LfcTi?^ 
/Wbfc* hy£«J8*S:3 7^1 5&|HK^*»^-h1-3££-T?fTofc (£ 
&£SU 0 0 ft 1 ) o 1 0 /t 1 ©HC 1 £»LTJt#\ BB*SJE&T?«I9 

H\ l»ttaVha-/HCj3tt5HDACJSttO5 0%ia*aift( l"IC50 (nM) J ) 
T'SLfc: (&1~4) 0 
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*7~H<Dm&m.fc* (Dr. B. Vogelstaein) &£fe\ZfikWLtcmfaX»h 9 % 10 
XFBS *«jDLfc7a:y-yH^ jr K*£WBI#Hl&Jfll\ 37°C, 5X~&«i|# 
ST. *&&^Lfc^*^-*~£/BV>Tjg£&f^fc 0 i©MFLL-9$H 
ia^85000ffi/wellO«Uia*^-e9 6?t-7^^nyix-h(cg@L, #well^ 

Luc Lite (Packard BioScsience Company) £JBV\ jfiBt&ftfcl&^LTl^/l' 

*1-«F©«|£( TEC50 (nM) J )^V^Jt«Lfc (gcl~4) „ 
X = HT*fc5o (DTT*#) 
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SCOP No. 


HDAC1 


IC50 (nM) 
HDAC4 


HDAC6 


P21 ^D^e— '. 
EC50 (nM) 


mm m 


— t-r> Mr 

mm 

m 


148 


81.4 


17.0 


> 500000 


6720 


Cyll(LDLL) 


C5 


149 


2.37 


5.22 


44300 


596 


Cyl2(LDLL) 


C5 


150 


2.10 


4.26 


5560 


504 


Cyl2(LDLD) 


C5 


151 


932 


7340 


28500 


> 100000 


Cyll(LDLD) 


C4 


152 


4.60 


2.06 


1400 


309 


Cyll(LDLD) 


C5 


153 


9.13 


91.0 


8050 


9850 


Cyll(LDLD) 


C6 


154 


38.1 


99.2 


2470 


31400 


Cyll(LDLD) 


C7 



, ls7Jr* a ^-e&5 LDLL ffc«fc !? % LDLD fc<Djj& £ 9 *fc*&.ftm < 
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mm 




IC50 (nM) 




P21 -ftt—. 


9- 




SCOP No. 


HDAC1 


HDAC4 


HDAC6 


EC50 (nM) 


mm |?£ 


296 


763 


222 


> 500000 


7730 


Cyll(LDLL) 


C5 


298 


114 


33.7 


418000 


5800 


CyI2(LDLL) 


C5 


300 


61.1 


36.2 


255000 


7370 


Cyl2(LDLD) 


C5 


302 


7200 


> 500000 


> 500000 


> 100000 


Cyll(LDLD) 


C4 


304 


142 


145 


> 500000 


341 


Cyll(LDLD) 


C5 


306 


153 


319 


1320000 


847100000 


Cyll(LDLD) 


C6 


308 


983 


505 


745000 


235000 


Cyll(LDLD) 


C7 



LDLLftJ; 9 h LDLD fc<D%&l?hm&X\ jS^^*>5^*-^a6*"C©«*il« 

ft C5 <o h <o & 5 r t a** £ iitco 

x = fcfrj-te&m w^y v k) 
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P21 






IC50 (nM) 








SCOP No. 


HDAC1 


HDAC4 


HDAC6 


EC50 (nM) 


mm. 


401 


NT 


NT 


NT 


1360 


152 + 2-PyrkJine 


402 


6.76 


68.3 


1610 


1310 


152 + 4-Pyridine 


403 


21.5 


18.9 


6080 


1 800 1 52 + Blman's reajent 


404 


217 


355 


201000 


1360 152 + mercaptoethanol 


405 


119 


405 


191 


3260 152 + methylmercaptane 


401 /DTT 


NT 


NT 


NT 


815 




402/ DTT 


0.553 


1.12 


2010 


470 




403/ DTT 


1.15 


1.53 


4730 


748 




404/ DTT 


2.44 


13.0 


15400 


754 














(NTli.^XhLT 


SC0P1 5 2 bfcfrf-tti 


&mt<o hybrid fcx»h ffl.£EH£&^Fl-s r. t £ frl 














SUtayhP-^ (TSA) 














IC50 (nM) 




P21 -fu^^~ 


TSA 


HDAC1 


HDAC4 


HDAC6 


EC50 (nM) 


TSA 


• 

19.2 


68.3 


27.2 


445 
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mmm^^x-tevn *#t^-/v# (x = h) (Dmm^mkcmmmam 
vrr*mhfr(DfcmzR&i~Tqmmshz>z mmLtc scopi52 

Srftffi U DTT ^*#T-eH»4rfrofc 0 

«5 





IC50 (nM) 




P21 -Ju=e-$- 


RW$] HDAC1 


HDAC4 


HDAC6 


EC50 (nM) 


152 NT 


NT 


NT 


3510 



(NT(i > T"XhLT 



DTT *#T{-Jt-<T. EC50ffiaS;*ct<ftofc 0 DTT dS*#1"5 tJ&ifitf) pH # 

SHfeJBU DTT^*#TT*H^^firo7to 

5 2 . ftU@ WW"?© HDAC &*8rtt©S|j£ 

^T?«fc»1-S fro fc 0 PMWfctt, t h^^A/» (HeLa) » 10%FB 

S£»LfcDMEMi#ifc£/BV\ 37<C, Bd«jfctt*#«ET, 7kS^3&fnLfc^ 
^^a^-^-SrffiV^TSfSI*ffofc 0 r<£>»£ 15000 ffl/ml 
6^V-M^2 ml SIU 18^TO«Lfc^, 51 
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6B#r&fg*L7c 0 aMa&FBS-CifcofcSU lysis buffer (5 0mM Tr 
is-HCl (pH7. 5) N 1 2 0mM NaCK 5mM EDTA, 0. 5 
% Non i d e t P-4 0) (-ML. ys^-: ^3 >L1t 0 ±?f£^'L\frKt 
|:iD$ft, SDS buffer lOO'Ct? 5 frffljtmVtcy-y7/l'£ 15%SDS 

^K'i^^ll, ^ ^ A \z: h 9 7 T - L fco l Wtffc t LX 

AKL5C1 ( i?-Ys* ls^-r*S— ) , 2 : anti-v ? * (LIFE SCIENCE) X%m$k EC 

L(amersham pharmacia biotech)^SU^ Tir^/Wb'^ K©#ffi$:?Tofc (0 
6) o ft*5. H6fc*5V^T|B«LTV^5^b'e^©al^©¥^tH:nlI•t?fcSe 

SCPO (ftM^tex* h&t hJl^iE^fflflS (TIG-3) x t h^^^JJS (HeLa 
) £ffi^-OfTofc 0 - tV^j TIG-3 $80^ HeLa |JUg$- 10SSFBS L7c DMEM 

X^^n-ofCo TIG-3 ft 30000 IS/Vell, HeLa \t 10000 <@/well <E>£fflMg 
X9 6^^p/1/-Mu||U #well ^fc«9±|B©J#^100Ml ^T18 

3-well£>±M30/zl £SiJ<D9 6^;7a/i/-McfL(A), aofc±?ff£ 
KH^fc. ^-f^ 0. 5%Triton-X / PBS £ 100/* 1 ^Px.T, M£^fl¥$i^ £ 
{^Ucc»9 B^-f^n^W- He 30/iI-fo^b7c(B) 0 Zfih<D9 6K^4? 
u~f\s— \ A, B©# well £ LDH-Cytotoxic Test (ffako) (D^W®®.* 30 ^ 1 f 

;tTM&a»#Jh£-ti:fc 0 0D560 nm ^n/W b V — ( 

Softnax)T«fcLfc. MiLDH s(Bfc LT[A/(A+B)]^i{)fc 0 Pl^Sttte, j£1H 
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LDH * 50 % t ft 5 1 f? <Dm& £ LD50 tUT/T bfc Q ft & ^J&^ftftUfi 
«§i&B:©ft[ (IE^«LD50 / flSA/3|IU& LD50) #MflM5£\ ^flUfiSftftR: 

LD50 (nM) 

GlSftJ HeLa TIG-3 IBU&ftSStt 



TSA 


41.4 1580 


38.2 


SCOP 152 


370 


6780 


18.3 


SCOP 304 


151 


3471 


23.0 


SCOP 402 


1170 


13300 


11.4 


SCOP 405 


179 


7900 


44.1 


SCOP 304/DTT 


47.1 


1190 


25.2 


SCOP 402/DTT 


161 


4460 


27.8 



mmm 5 4 . &%&<owm 

SCOP 152 s SCOP 304 RTf SCOP 402 OMfcq>-T*<Dgfe&<DWtotti&LT<D%&'? 
'fjofco FCS 99^1 SCOP 152^ SCOP 304 (10 mMh SCOP 402 (10 mM) £ 
l/zl*Px.T3 7°CTM ydfa^-hLfeo rtl^^r^^l ml ©SBfe^/V' 

*SflJ<Z>fc«>H:as#fc io NaCl SrJP^TttW Lfc 6 - ©SKtetTvMB 800/* 1 & 

tcDMSOT'l 0 L I vT P 21 yn^-^^IS^aijt&fTofc 
o ^^a^<-hl$MO©SttS:100XiLX©tt^Jt«U*: (0 7) . 

EI 7 fc^i-ii 9 s MM^ *e scop 304 scop 402 » scop 152 <t 9 t>^i$ 
J: v> Sf^tt^±# bit 6>ti5. 
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^/BUTt:* h^<DT±^Mki"<fr*Vx.x*>~e$mLtc (08) 0 S¥$B 
\Z\t, t b^^A/lffllia (HeLa) ft 10%FBS Lfc DMEM J#ift^V\ 37°C, 

i5ooo ig/mi £>,»^a:e 6 ^yv- h 2 mi iiw is mm^m 

Lfc^, TSA. SC0P152 3oJ;TJ?SC0P304 f3 200 nM, SC0P402 & 

l/iM^^5<t9»U ei^^iil:ra^*bfc 0 M&PBSTi5feofcm. 1 
ysis buffer (50mM Tris-HCl (pH7. 5) N 120mM NaCl. 5mM EDTA, 0. 5% Nonid 
et P-40) KMM y^-^a^Ltc 0 ±m*M'bftmz£ SDS buf 

ferij^U 100°CT*5^»Sbfc^^7°/V^ 15%SDS^T'«^H)^, * 
y/Vy7^;^(^7^77-lfeo l&£t#£ LT AKL5C1 (i? J r/*V^~'f' 
5?— K 2 ft^tfr : anti-"V[7^ (LIFE SCIENCE) T^S^ ECL(amersham pharmacia 
biotechj&au T-fe^/Hb^^ K^mSr^Tofco 
#^<^ft-^f*HDACl, A\Z^LX\tmmW^^Vtc^, HDAC6 t£*f 
LTf3:f5 1 h k*$mm®L*Wtc ft >&>o fc„ HDAC6 if ffi < s jE# 

\t hdac6 pi^f^ffi i>m%\z.® < . tsa tfcv v?*-:/* 4 hzztfrbb 

±xE©ii D s *»W©-fb£*tt* HDAC 1 , 4 LTS^I$»V^£^S'££ 
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